1. Introduction {#sec1}
===============

The mosquito-borne Japanese encephalitis virus (JEV) is an enveloped, positive-sense single-stranded RNA virus and member of the genus *Flavivirus* under the family Flaviviridae \[[@B1]\]. JEV is the sole etiologic agent of Japanese Encephalitis (JE), a neurotropic killer disease being one of the major causes of viral encephalitis in human. Since the isolation of this virus in Japan in 1935 \[[@B2]\], it has spread worldwide becoming a major public health problem. JE is a disease of major public health importance due to its high epidemic potential, high case fatality rate (CFR), and sequelae among survivors \[[@B3]\].

Approximately 2 billion people live in countries where JE presents a significant risk to humans and animals, particularly in China and India, with at least 700 million potentially susceptible children \[[@B4]\]. In Southeast Asia around 50,000 cases and 10,000 deaths occur per year affecting essentially children below 10 years of age \[[@B5]\]. Further threats to humanity are there because the JE virus has shown a tendency to extend to other geographic areas. The combined effects of climate change, altered bird migratory patterns, increasing movement of humans, animals, and goods, increasing deforestation, and development of irrigation projects will also help this geographic dispersal of the virus, producing an enhanced threat. The disease is also highly prevalent in animals. In Nepal, seroprevalence of JE in pigs, ducks, and horses was 48.11%, 26.79%, and 50.0%, respectively \[[@B6]\]. Phylogenetic analysis showed that JE isolates in India belonged to genogroup III \[[@B7]\].

Although most human infections are mild or asymptomatic, about 50% of patients who develop encephalitis suffer permanent neurologic defects and 30% of them die due to the disease \[[@B8]\]. In 1973, JE outbreak was first recorded in the districts of Burdwan and Bankura in West Bengal where 700 cases and 300 deaths were reported \[[@B9]--[@B13]\].

Since 1973, epidemics of JE have occurred in West Bengal, Bihar, Uttar Pradesh, Assam, Andhra Pradesh, Tamil Nadu, and Karnataka \[[@B14]\]. Every year sporadic JE cases are reported indicating their endemicity in this state \[[@B15]\]. JE vaccination programme has been undertaken by the State Health Department, Government of West Bengal.

This study was aimed to see the present scenario of JE among acute encephalitis syndrome cases in West Bengal.

2. Materials and Methods {#sec2}
========================

2.1. Human Blood and or CSF Samples {#sec2.1}
-----------------------------------

Blood and/or CSF samples were referred and submitted to the referral Virology laboratory at the Calcutta School of Tropical Medicine, from 606 clinically diagnosed cases of acute encephalitis syndrome during the period from January 2011 to December 2012. Specimen collection and transportation of samples were strictly monitored. 1 mL CSF and 2--5 mL of clotted blood sample were collected as per standard procedures. The samples were transported to the virology laboratory maintaining cold chain. The CSF and serum samples were stored at 4°C in the refrigerator if tested within 3 days or minus 80 degree freezer for long-term storage.

2.2. Serological Study for JE {#sec2.2}
-----------------------------

IgM antibody capture (MAC) ELISA was performed on the CSF and serum samples by JE virus MAC ELISA kit supplied by the National Institute of Virology, Pune, as an integral part of the National Vector Borne Disease Control Program. The samples were tested strictly following the manufacturer\'s protocol.

3. Results {#sec3}
==========

The present study was carried out in the Virology unit of the Microbiology Department of the Calcutta School of Tropical Medicine, Kolkata, and comprised 606 clinically diagnosed cases of acute encephalitic syndrome. Among them 357 (59.92%) were males and 249 (41.08%) were females. 74 (12.21%) cases were found to be positive for JE. [Table 1](#tab1){ref-type="table"} shows that 23.84% and 21.05% of the JE positive cases were males and females, respectively, in 2011, whereas 4.8% and 5.2% of the JE positive cases were males and females, respectively, in 2012. In general, the differences between male and female distributions of JE positive cases were not statistically significant at a 95% level.

However, there was a remarkable change in the percentages of JE positive cases in the years 2011 and 2012 ([Table 1](#tab1){ref-type="table"}). In males, the percentage of JE positive cases dropped from 23.84% to only 4.8% (*P* value is highly significant below 0.01 level); similarly in females it dropped from 21.05% to 5.2% (*P* value is highly significant below 0.01 level).

[Figure 1](#fig1){ref-type="fig"} shows the distribution of the percentage of JE positive cases in the different age groups in the years 2011 and 2012. It was found that 48.21% and 61.11% of JE positive cases were below 20 years of age in 2011 and 2012, respectively.

[Figure 2](#fig2){ref-type="fig"} shows the monthly distribution of the JE positive cases (in percentage). It is evident that a larger number of JE cases occurred in the rainy season and after the rainy season.

[Figure 3](#fig3){ref-type="fig"} shows that sporadic JE positive cases were reported from almost all rural districts of West Bengal. Maximum number of JE IgM positive cases occurred in Hooghly district followed by Birbhum in 2011. However, comparatively a larger number of cases were reported from Murshidabad, Bardhaman, and Howrah districts of West Bengal in 2012.

Out of 56 JE cases in 2011 line listing could be done in 42 cases. No address was available for 14 patients in 2011 as these cases were referred from other Medical colleges of West Bengal.

4. Discussion {#sec4}
=============

Patients with high grade fever (≥39°C) for 5--15 days including any 2 of the following symptoms, namely, headache, vomiting, stupor, delirium, abnormal movements, presence of kernig\'s sign, convulsions, neck rigidity, altered sensorium, and unconsciousness were considered as acute encephalitis syndrome (AES) cases \[[@B16]\]. Although these manifestations can occur in manifold infectious diseases, in West Bengal, JE is an important disease particularly in rural areas and should be considered first in such cases. In general population the incidence of acute encephalitis syndrome ranges between 3.5 and 7.4 cases per 100,000 patient-years \[[@B17]\].

The incidence of JE varied in each month in our study. However, the most of the cases were reported during the monsoon and after the monsoon period. No patients were admitted during April to July. Anuradha et al. \[[@B3]\], Sarkar et al. \[[@B18]\], Benakappa et al. \[[@B19]\], and Reuben and Gajanana \[[@B20]\] have also reported higher incidence of JE during similar months due to increased prevalence of the vector mosquitoes. *Culex*mosquitoes breed abundantly in the paddy fields covered with stagnant water during the rainy season. Most of the JE cases occurred in children and adolescents below 20 years of age. Children and adolescents are probably directly exposed to the mosquito vector (*Culex*sp.) bite, as they often visit the fields with their parents or may take active part in the cultivation where vectors are abundant. Also lack of immunity against JE virus in the younger age group could be responsible for the increased incidence of disease in this age group \[[@B21]--[@B23]\].

Our study also indicates that most of the JE cases occurred in the rural districts of West Bengal, where the main occupation is farming. This finding is also similar to the findings of Anuradha et al. \[[@B3]\], Benakappa et al. \[[@B19]\], and Reuben and Gajanana \[[@B20]\].

There are currently believed to be four distinct genotypes of JEV, genotypes I to IV \[[@B24]\], although some studies support the existence of a fifth JEV genotype \[[@B25], [@B26]\], all of which are thought to have arisen from a common ancestor virus present in the Indonesian-Malaysian region \[[@B24]\]. While some genotypes are present in multiple countries (such as genotype III), others are present in only one country, such as genotype IV which is found only in Indonesia \[[@B24]\]. Conversely, countries may experience the circulation of several genotypes, such as Indonesia where genotypes II, III, and IV circulate \[[@B24]\]. However, genotypic shift, with the replacement of one genotype by another, has occurred recently in several countries \[[@B27]--[@B29]\]. Currently, JEV is considered hyperendemic in northern India and southern Nepal as well as in parts of central and southern India. More than 3 billion people are living in the current JE-endemic region \[[@B30], [@B31]\].

However, during the past decade, JEV GI has been introduced into Republic of Korea, Thailand, and China and has replaced the GIII strains that had been circulating in Japan and Vietnam during the mid 1990s \[[@B32]\]. Until 2007, all known JEV strains isolated in India belonged to GIII \[[@B31], [@B33]--[@B35]\].

Sarkar et al. reported the prevalence of genotypes III and I among the JE cases of West Bengal \[[@B18]\]. Studies from Gorakhpur also indicate the presence of genotypes I and III isolates among the AES cases \[[@B36]\].

The present study reveals that 22.76% and 5% of the AES cases were positive for JE IgM in 2011 and 2012, respectively. There was no sex predilection among the JE cases in the population of West Bengal, India. Results from a previous study in 2010 done by Sarkar et al. \[[@B18]\] on JE seropositivity in West Bengal and a similar study done in Uttar Pradesh of India in 2011 by Bhatt et al. \[[@B37]\] were comparable to our findings of 2011. Thus, it appears that although the percentages of JE positive cases were more or less stable in 2010 and in 2011, after 2011 it decreased sharply. This may be due to better awareness programs, mass vaccination, and/or simply due to natural epidemiological niche periodicity due to herd immunity. A changing epidemiological trend of flavivirus mediated diseases from JE to dengue has also been noted in recent years possibly due to increased urbanisation of the remote villages \[[@B38]--[@B40]\]. Cross-protection by other flaviviral diseases, namely, dengue, could be a reason for decline of the JE cases to some extent. The State Health Department of Government of West Bengal undertook mass vaccination programme against JE in several endemic districts using live attenuated JE vaccine SA-14-14-2. The significant decline of JE cases in our study in 2012 could be attributed to this as a major factor for the controlling of JE cases in the previously endemic district. However, active surveillance of JE cases is still warranted in order to be vigilant about any new genotype introduction in the endemic districts or to find out any spread into newer geographical areas.
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###### 

Distribution of JE positive cases in 2011 and 2012.

  Sex      Samples tested in 2011   Samples reactive in 2011   Samples tested in 2012   Samples reactive in 2012
  -------- ------------------------ -------------------------- ------------------------ --------------------------
  Male     151                      36 (23.84%)                206                      10 (4.8%)
  Female   95                       20 (21.05%)                154                      8 (5.2%)
                                                                                        
  Total    246                      56 (22.76%)                360                      18 (5%)
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